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The selective conversion/synthesis is the very important pro-
cess in organic synthesis [1]. Especially, the selective conversion
from the one starting material to different products [2] by
altering the reaction conditions has additional advantages such
as using minimum reagents, avoiding alternate route, and min-
imal by-product formation. In the organic synthesis, there are
chances for the formation of unprecedented products [3]. Butmany researchers are not interested in identifying these
unprecedented products and the causes for them. In our case,
we found that urea formed as a side product is identified, dur-
ing the synthesis of tetrazoles from amides in thermal method
and microwave irradiation. Further, this conversion is contin-
ued to arrive at the selective synthesis of either urea or tetra-
zole from the same precursor (amide) under conventional
method. We also extended this scope to develop the same selec-
tivity under microwave condition. Because the microwave
assisted synthetic method has additional advantages such as
short reaction time, economically beneficial, and greener
approach with great selectivity [4].
Both tetrazoles and ureas have versatile applications in var-
ious fields of chemistry such as synthetic chemistry [5], coordi-
nation chemistry [6], medicinal chemistry [7] and material
science applications [8]. Many synthetic protocols have been
reported for the synthesis of tetrazoles for the past 5 decadesentional
2 R. Sribalan et al.[9]. The most common route for synthesizing the tetrazole is
the cycloaddition reaction between azide and synthons such
as nitrile [10], isocyanide [11] and imidoyl functionalities [12].
Among these methods, the conversion of amide to tetrazole
is one of the essential methodologies, because the amides are
commercially available and can be prepared as well without
difficulty [13]. Most of the previous reports from amides have
some drawbacks such as isolation of imidoyl chloride, removal
of acid chloride before azidation [14] and usage of costly
reagent like silicon tetra chloride and silyl azide [15]. So, we
focused to improve the methodology without the isolation of
the intermediate and usage of cheaper reagents to synthesis
the tetrazoles from amides in situ.
Similarly, the formation of urea from various functional
groups is reported in literature [16]. But very few reports are
available for the conversion of primary amide to urea [17].
To the best of our knowledge, there are no reports available
for the conversion of secondary amides to urea derivatives.
On the basis of the above ideas, we developed a new synthetic
protocol for the selective conversion of amides to tetrazoles/
ureas with economically cheaper reagents like phosphorus oxy-
chloride and sodium azide. The benefits of the present methods
include the ready availability of precursors, single step conver-
sion, reagent as a solvent, excellent yields, economically low
cost reagents and less reaction time. Overall, the selective syn-
thesis of 1,5-disubstituted tetrazoles/ureas in one-pot in situ
manner both by thermal and microwave assisted reaction con-
ditions is investigated and presented here.
2. Experimental section
2.1. General consideration
Melting points were recorded on sigma melting apparatus
SL111140. IR spectra were recorded in JASCO FT-IR410
using KBr pellet making method. 1H NMR and 13C NMR
spectra were recorded on Bruker 300 MHz and 75 MHz instru-
ment in CDCl3 with TMS as an internal standard or DMSO-d6
for proton and carbon spectra. Chemical shift values are men-
tioned in d (ppm) and coupling constants are given in Hz.
Mass spectra were recorded on AB SCIEX 3000 LC–MS.
The progress of all reactions were monitored by TLC on
2  5 cm pre-coated silica gel 60 F254 plates of thickness of
0.25 mm (Merck). The chromatograms were visualized under
UV 254–366 nm and iodine. The microwave reactions were
carried out in CEMDiscover microwave synthesizer (open ves-
sel method).
2.2. General procedure for synthesis of tetrazole
2.2.1. Thermal method
In a double neck round bottomed flask benzanilide
(1.01 mmol), phosphorus oxychloride (10.15 mmol) and
sodium azide (4.06 mmol) were added. One neck of flask is
connected to the reflux condenser with guard tube and another
neck is connected to the nitrogen inlet. The reaction mixture
was stirred for 9 h at 80 C under nitrogen atmosphere. Then
it was cooled, carefully quenched with ice water and neutral-
ized with saturated sodium bicarbonate solution. The product
was extracted with ethyl acetate (75 mL), washed with water
(2  75 mL) and brine solution (75 mL). The organic layerPlease cite this article in press as: R. Sribalan et al., Selective synthesis of ureas and t
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trated under reduced pressure.
2.2.2. Microwave irradiation method
In a 10 mL double neck RB flask benzanilide (1.01 mmol),
phosphorus oxychloride (10.15 mmol) and sodium azide
(4.04 mmol) were added. Then one neck of the flask is con-
nected to the reflux condenser with guard tube and another
neck is connected to the nitrogen inlet. The nitrogen gas is
purged in the reaction mixture for 10 min. Then the nitrogen
inlet was removed and suddenly closed with stopper. The reac-
tion set up is fixed in the microwave synthesizer (better to
avoid the sealed tube microwave irradiation). The reaction
mixture was subjected to microwave irradiation at 120 W,
80 C for 6 min. Then the reaction mixture was allowed to
attain the room temperature. On cooling, the reaction mixture
was quenched with crushed ice and neutralized with sodium
bicarbonate solution. The product was extracted with ethyl
acetate (75 mL), washed with water (2  75 mL) and brine
solution (75 mL). The organic layer was separated and dried
over anhydrous Na2SO4 and concentrated under reduced
pressure.
2.2.2.1. 3-(1-Phenyl-1H-tetrazol-5-yl)pyridine (2a). Colorless
crystal. Mp 88–89 C. 1H NMR (300 MHz, CDCl3) d 8.77–
8.72 (m, 2H), 7.98–7.94 (m, 1H), 7.61–7.55 (m, 3H), 7.43–
7.38 (m, 3H). 13C NMR (75 MHz, CDCl3) d 152.10, 151.47,
149.24, 136.21, 134.04, 130.94, 130.25, 125.32, 123.71, 120.28.
ESI-LC/MS calculated m/z 223.0, found 224.1 (M+1)+. IR
(KBr) cm1; 993, 1101, 1136, 1267, 1558, 3066.
2.2.2.2. 1,5-diphenyl-1H-tetrazole (2b). Colorless solid. Mp
144–145 C. 1H NMR (300 MHz, CDCl3) d 7.57–7.47
(m, 6H), 7.42–7.29 (m, 4H). 13C NMR (75 MHz, CDCl3) d
153.71, 134.74, 131.34, 130.47, 129.96, 129.05, 129.00, 125.39,
123.79. ESI-LC/MS calculated m/z 223.0, found 224.0
(M+1)+. IR (KBr) cm1; 1000, 1070, 1139, 1265, 1592, 3068.
2.2.2.3. 1,5-di p-tolyl-1H-tetrazole (2c). Colorless solid. Mp
148–149 C. 1H NMR (300 MHz, CDCl3) d 7.45 (d,
J= 8.1 Hz, 2H), 7.33–7.26 (m, 4H), 7.20 (d, J= 7.9 Hz,
2H), 2.45 (s, 3H), 2.38 (s, 3H). 13C NMR (75 MHz, CDCl3)
d 153.59, 141.67, 140.70, 132.07, 130.39, 129.63, 128.71,
125.07, 120.64, 21.45, 21.27. ESI-LC/MS calculated m/z
250.3, found 251.3 (M+1)+. IR (KBr) cm1; 996, 1102,
1134, 1264, 1612, 2916, 3032.
2.2.2.4. 5-(4-Methoxyphenyl)-1-phenyl-1H-tetrazole (2d).
Colorless solid. Mp 106–107 C. 1H NMR (300 MHz, CDCl3)
d 7.58–7.39 (m, 5H), 7.43–7.39 (m, 2H), 6.90 (d, J= 8.6 Hz,
2H), 3.83 (s, 3H). 13C NMR (75 MHz, CDCl3) d 161.89,
153.49, 134.74, 130.51, 130.42, 129.95, 125.40, 115.55, 114.49,
55.45. ESI-LC/MS calculated m/z 252.1, found 253.1 (M
+1)+. IR (KBr) cm1; 1019, 1075, 1113, 1258, 1308, 1578,
2968, 3027.
2.2.2.5. 5-(4-Nitrophenyl)-1-phenyl-1H-tetrazole (2e). Pale
yellow solid. Mp 176–177 C. 1H NMR (300 MHz, CDCl3) d
8.39–8.28 (m, 2H), 7.77–7.72 (m, 2H), 7.67–7.61 (m,3H),
7.54–7.48 (m, 2H). 13C NMR (75 MHz, CDCl3) d 153.18,
149.14, 139.05, 131.99, 130.16, 129.95, 125.43, 125.23,etrazoles from amides controlled by experimental conditions using conventional
i.org/10.1016/j.jscs.2016.03.004
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(M+1)+. IR (KBr) cm1; 997, 1070, 1132, 1272, 1348, 1536,
3100.
2.2.2.6. 1-(Naphthalen-1-yl)-5-phenyl-1H-tetrazole (2f).
Colorless solid. Mp 110–113 C. 1H NMR (300 MHz, CDCl3)
d 8.28 (d, J= 8.8 Hz, 2H), 7.79–7.77 (m, 3H), 7.77–7.44 (m,
5H), 7.42–7.40 (m, 2H). 13C NMR (75 MHz, CDCl3) d
155.07, 134.26, 131.63, 131.37, 130.32, 129.04, 128.97, 128.60,
128.52, 128.34, 127.55, 125.43, 125.36, 125.22, 121.75. ESI-
LC/MS calculated m/z 272.1, found 273.1(M+1)+. IR (KBr)
cm1; 999, 1069, 1142, 1268, 1594, 3050.
2.2.2.7. 1-(4-Fluorophenyl)-5-phenyl-1H-tetrazole (2g). Color-
less solid. Mp 136–138 C. 1H NMR (300 MHz, CDCl3) d
7.57– 7.49 (m, 4H), 7.46–7.38 (m, 3H), 7.25–7.20 (m, 2H).
13C NMR (75 MHz, CDCl3) d 165.00, 153.74, 131.50,
129.15, 128.94, 127.50, 127.38, 123.38, 117.29, 116.98. ESI-
LC/MS calculated m/z 240.9, found 240.9 (M)+. IR (KBr)
cm1; 999, 1092, 1136, 1226, 1505, 3077.
2.2.2.8. 1-Phenyl-5-(thiophen-2-yl)-1H-tetrazole (2h). Reddish
brown solid. Mp 87–88 C. 1H NMR (300 MHz, CDCl3) d
7.64–7.59 (m, 3H), 7.52–7.47 (m, 3H), 7.27–7.24 (m, 1H),
7.06–7.03 (m, 1H). 13C NMR (75 MHz, CDCl3) d 149.82,
134.01, 131.27, 130.71, 130.55, 130.10, 128.10, 126.35, 124.15.
ESI-LC/MS calculated m/z 228.0, found 229.1 (M+1)+. IR
(KBr) cm1; 1020, 1095, 1123, 1267, 1551, 3078.
2.2.2.9. 5-(4-Chlorophenyl)-1-phenyl-1H-tetrazole (2i). White
solid. Mp 156–157 C. 1H NMR (300 MHz, CDCl3) d 7.61–
7.49 (m, 5H), 7.41–7.38 (m, 4H). 13C NMR (75 MHz, CDCl3)
d 152.80, 137.77, 134.36, 130.71, 130.23, 130.11, 129.43,
125.35, 122.07. ESI-LC/MS calculated m/z 256.05, found
257.2 (M+1)+. IR (KBr) cm1; 994, 1069, 1133, 1262, 1500,
3064.
2.2.2.10. 5-Benzyl-1-phenyl-1H-tetrazole (2j). Colorless solid.
Mp 104–107 C. 1H NMR (300 MHz, CDCl3) d 7.55–7.48
(m, 3H), 7.29–7.23 (m, 5H), 7.09–7.07 (m, 2H), 4.27 (s, 2H).
13C NMR (75 MHz, CDCl3) d 153.97, 134.15, 133.63,
130.58, 129.79, 128.90, 128.52, 127.50, 125.23, 29.57. ESI-
LC/MS calculated m/z 236.1, found 237.1 (M+1)+. IR
(KBr) cm1; 1011, 1070, 1103, 1275, 1587, 2914, 3059.
2.2.2.11. 1,5-bis(4-chlorophenyl)-1H-tetrazole (2k). White
solid. Mp 166–169 C. 1H NMR (300 MHz, CDCl3) d 7.54–
7.49 (m, 4H), 7.46–7.41 (m, 2H), 7.39–7.34 (m, 2H). 13C
NMR (75 MHz, CDCl3) d 152.85, 138.05, 136.86, 132.80,
130.39, 130.27, 129.61, 126.59, 121.80. ESI-LC/MS calculated
m/z 290.0, found 291.0 (M+1)+. IR (KBr) cm1; 992, 1092,
1131, 1265, 1554, 3092.
2.2.2.12. 5-Phenyl-1-o-tolyl-1H-tetrazole (2l). Colorless solid.
Mp 87–88 C. 1H NMR (300 MHz, CDCl3) d 7.57–7.54 (m,
2H), 7.51–7.43 (m, 2H), 7.42–7.35 (m, 3H), 7.34–7.27(m,
2H), 1.98 (s, 3H). 13C NMR (75 MHz, CDCl3) d 154.12,
135.08, 133.98, 131.85, 131.42, 131.21, 129.12, 128.20, 127.59,
127.23, 123.59, 17.43. ESI-LC/MS calculated m/z 236.1, found
237.1 (M+1)+. IR (KBr) cm1; 995, 1070, 1136, 1265, 1601,
2917, 3073.Please cite this article in press as: R. Sribalan et al., Selective synthesis of ureas and t
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2.3.1. Thermal method
In a double neck round bottomed flask benzanilide
(1.01 mmol), phosphorus oxychloride (10.15 mmol) and
sodium azide (2.03 mmol) were added. One neck of the flask
is connected to the reflux condenser with guard tube and
another neck is connected to the nitrogen inlet. The reaction
mixture was stirred for 24 h at 80 C under nitrogen atmo-
sphere, then it was cooled, carefully quenched with ice water
and neutralized with saturated sodium bicarbonate solution.
The product was extracted with ethyl acetate (75 mL), washed
with water (2  75 mL) and brine solution (75 mL). The
organic layer was separated and dried over anhydrous Na2SO4
and concentrated under reduced pressure. Finally the product
was purified by column chromatography with pet ether: ethyl
acetate as eluent.
2.3.2. Microwave irradiation method
In a 10 mL double neck RB flask benzanilide (1.01 mmol),
phosphorus oxychloride (10.15 mmol) and sodium azide
(2.06 mmol) were added. Then one neck of the flask is con-
nected to the reflux condenser with guard tube and another
neck is connected to nitrogen inlet. The nitrogen gas is purged
in the reaction mixture for 10 min. Then the nitrogen inlet was
removed and suddenly closed with stopper. The reaction set up
is fixed in the microwave synthesizer (better to avoid the sealed
tube microwave irradiation). The reaction mixture was sub-
jected to microwave irradiation at 120 W at 80 C for
15 min. Then the reaction mixture was allowed to attain the
room temperature. On cooling, the reaction mixture was
quenched with crushed ice and neutralized with sodium bicar-
bonate solution. The product was extracted with ethyl acetate
(75 mL), washed with water (2  75 mL) and brine solution
(75 mL). The organic layer was separated and dried over anhy-
drous Na2SO4 and concentrated under reduced pressure.
Finally the product was purified by column chromatography
with pet ether: ethyl acetate as eluent.
2.3.2.1. 1,3-diphenylurea (3b). 1H NMR (300 MHz, DMSO) d
8.25 (s, 2H), 7.46 (d, J= 7.3, 4H), 7.27 (t, J= 7.9 Hz, 4H),
6.98 (t, J= 7.4 Hz, 2H).13C NMR (75 MHz, DMSO) d
152.67, 139.03, 128.28, 121.67, 118.16. ESI-LC/MS calculated
m/z 212.1, found 213.1. (M+1)+.
2.3.2.2. 1,3-dip-tolylurea (3c). 1H NMR (300 MHz, CDCl3+
DMSO) d 8.16 (s, 2H), 7.32 (d, J= 8.1 Hz, 4H), 7.06 (d,
J= 8.1 Hz, 4H), 2.28 (s, 6H).13C NMR (75 MHz, CDCl3+
DMSO) d 152.89, 136.57, 130.81, 128.75, 118.26, 20.18. ESI-
LC/MS calculated m/z 240.13, found 241.07. (M+1)+.
2.3.2.3. 1-(Naphthalen-1-yl)-3-phenylurea (3f). 1H NMR
(300 MHz, CDCl3+DMSO) d 8.71 (s, 1H), 8.52 (s, 1H), 8.11
(d, J= 6.8 Hz, 1H), 8.05 (d, J= 7.6 Hz, 1H), 7.87–7.83 (m,
1H), 7.58 (d, J= 8.1 Hz, 1H), 7.59–7.43 (m, 5H), 7.26 (d,
J= 7.5 Hz, 2H), 6.98 (t, J= 6.9 Hz, 1H). 13C NMR
(75 MHz, CDCl3+DMSO) d 152.72, 139.08, 133.68, 133.59,
128.38, 128.33, 126.29, 125.98, 125.48, 125.07, 122.97, 121.70,
120.88, 120.77, 118.20. ESI-LC/MS calculated m/z 262.11,
found 263.06 (M+1)+.etrazoles from amides controlled by experimental conditions using conventional
i.org/10.1016/j.jscs.2016.03.004
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(300 MHz, CDCl3+DMSO) d 8.19 (s, 1H), 8.17 (s, 1H),
7.46–7.37 (m, 4H), 7.30–7.24 (m, 2H), 7.01–6.93 (m, 3H). 13C
NMR (75 MHz, CDCl3+DMSO) d 153.19, 143.81, 139.27,
135.29, 128.70, 122.18, 120.24, 119.50, 118.66, 115.30, 115.01.
ESI-LC/MS calculated m/z 230.09, found 229.09 (M1).
2.3.2.5. 1-(4-Chlorophenyl)-3-phenylurea (3i). 1H NMR
(300 MHz, CDCl3+DMSO) d 8.51 (s, 1H), 8.38 (s, 1H),
7.45–7.42 (m, 4H), 7.31–7.19 (m, 4H), 6.98 (t, J= 7.3 Hz,
1H). 13C NMR (75 MHz, CDCl3+DMSO) d 152.26, 138.66,
137.70, 128.07, 127.88, 125.72, 121.57, 119.08, 117.97. ESI-
LC/MS calculated m/z 246.06, found 247.09 (M+1)+.
2.3.2.6. 1,3-bis(4-chlorophenyl)urea (3k). 1H NMR
(300 MHz, CDCl3+DMSO) d 8.54 (s, 2H), 7.44 (d,
J= 8.8 Hz, 4H), 7.22 (d, J= 8.8 Hz, 4H). 13C NMR
(75 MHz, CDCl3+DMSO) d 151.85, 137.39, 127.69, 125.61,
118.94. ESI-LC/MS calculated m/z 280.02, found 279.11
(M1).
2.3.2.7. 1-Phenyl-3-(p-tolyl)urea (3n). 1H NMR (300 MHz,
CDCl3+DMSO) d 8.40 (s, 1H), 8.32 (s, 1H), 7.43
(d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.24
(t, J = 7.8 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 6.95
(t, J = 7.3 Hz, 1H), 2.28 (s, 3H). 13C NMR (75 MHz,
CDCl3+DMSO) d 151.74, 138.53, 135.80, 129.85, 127.96,
127.47, 120.62, 117.33, 117.12, 19.38. ESI-LC/MS calculated
m/z 226.21, found 227.30 (M+1)+.
2.3.2.8. 1-(2-Methoxyphenyl)-3-phenylurea (3o). 1H NMR
(300 MHz, CDCl3+DMSO) d 8.72 (s, 1H), 8.23–8.20 (m,
1H), 8.00 (s, 1H), 7.46 (d, J= 7.9 Hz, 2H), 7.24 (t,
J= 7.8 Hz, 2H), 7.03–6.80 (m, 4H), 3.82 (s, 3H). 13C NMR
(75 MHz, CDCl3+DMSO) d 153.23, 147.93, 139.47, 128.73,
128.68, 122.15, 121.91, 120.94, 119.19, 118.83, 110.11, 55.59.
ESI-LC/MS calculated m/z 242.11, found 243.13. (M+1)+.
2.3.2.9. 1-(3-Methoxyphenyl)-3-phenylurea (3p). 1H NMR
(300 MHz, CDCl3+DMSO) d 8.38 (br, 2H), 7.44 (d,
J= 7.9 Hz, 2H), 7.27 (t, J= 7.7 Hz, 3H), 7.15 (t,
J= 8.1 Hz, 1H), 6.98 (t, J= 7.3 Hz, 1H), 6.89 (d,
J= 8.1 Hz, 1H), 6.53 (d, J= 8.2 Hz, 1H), 3.79 (s, 3H). 13C
NMR (75 MHz, CDCl3+DMSO) d 159.34, 152.36, 140.19,
138.79, 128.74, 128.10, 121.50, 117.97, 110.12, 107.04, 103.59,
54.42. ESI-LC/MS calculated m/z 242.28, found 243.11 (M
+1)+.
2.3.2.10. 1,3-bis(4-nitrophenyl)urea (3q). 1H NMR (300 MHz,
DMSO) d 9.72 (s, 2H), 8.23 (d, J = 9.0 Hz, 4H), 7.66 (d,
J = 9.0 Hz, 4H). 13C NMR (75 MHz, DMSO) d 151.10,
144.4, 140.2, 125.1, 118.0. ESI-LC/MS calculated m/z 302.07,
found 301.08 (M1).
2.3.2.11. 1-(4-Nitrophenyl)-3-phenylurea (3r). 1H NMR
(300 MHz, DMSO) d 9.38(s, 1H), 8.80 (s, 1H), 8.18 (d,
J= 9.1 Hz, 2H), 7.67 (d, J= 9.3 Hz, 2H), 7.49 (d,
J = 8.4 Hz, 2H), 7.34 (t, J= 8.4 Hz, 2H), 7.02 (t,
J= 6.9 Hz, 1H). 13C NMR (75 MHz, DMSO) d 151.42.
146.0, 140.44, 138.4, 128.38, 124.58, 122.01, 118.24, 117.09.
ESI-LC/MS calculated m/z 257.08, found 256.96 (M1).Please cite this article in press as: R. Sribalan et al., Selective synthesis of ureas and t
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Initially we started a new methodology for the synthesis of
tetrazoles from amides. In our preliminary experiments for
optimizing the reaction conditions, benzanilide had been taken
as starting material. Our perspective is to synthesize tetrazole
from amide in the presence of phosphorus oxychloride, sodium
azide mixture in one-pot. Generally the azidation is much fas-
ter in DMF and DMSO compared to other solvents [18]. But
in our case, it is not advisable to use DMF or DMSO, because
the presence of acid chloride like phosphorus oxychloride
along with DMF and DMSO generates Vilsmeier formylating
agent and Swern oxidising agent correspondingly [19], which
could possibly lead to the formation of side products. So the
solvent is selected on the basis, which does not influence the
phosphorus oxychloride in the reaction mixture. Initially the
reaction was conducted with three solvents namely, toluene,
tetrahydrofuran and acetonitrile.
When toluene is used as a solvent, there is no product for-
mation (Table 1: entries 1 and 2) even with different equiva-
lents of reagents at 100 C for 24 h, because of the poor
solubility of sodium azide in the solvent. Same was the case
with tetrahydrofuran (Table 1: entries 3 and 4) at 60 C for
24 h. But when the reaction is continued further for 48 h at
60 C, product was obtained with very poor yield (Table 1:
entry 5). Even with the acetonitrile, the same yield was
obtained (Table 1: entries 6, 7 and 8) at 80 C for 24 h. In this
reaction, increasing the equivalents of both POCl3 and NaN3
leads to the progressive improvement of the yield. But under
this reaction condition, along with the product, a side product
is also obtained. The isolated side product is identified as
diphenyl urea. It was characterized by 1H NMR, 13C NMR
and mass. The analytical data of the side product exactly
matched with the reported compound [20].
The formation of urea as a side product in the planned
reaction for the conversion of amides to tetrazoles directed
our research to the selective synthesis of tetrazoles/ureas from
the same precursors and reagents by controlling the reaction
conditions. Thus the reaction is further optimized to afford
either tetrazole or urea as the major product. The experiments
are continued with excess of POCl3 instead of using external
solvents. Initially we started with 5 equivalents of POCl3 and
5 equivalents of NaN3 at 80 C for 24 h, which gave the same
result as previous experiments (Table 1: entry 9). Based on the
above reactions, 10 equivalents of POCl3 with different equiv-
alents of NaN3 were used to improve the yield of the product.
The equivalent of NaN3 is varied from 1 to 5 with 10 equiva-
lents of POCl3 at 80 C (Table 1: entries, 10–15). The experi-
mental results clearly indicate that the less equivalents of
sodium azide gives urea as the major product and more equiv-
alents of sodium azide gives tetrazole as the major product.
The optimized reaction condition for urea formation is the
usage of 10 equivalents of POCl3 and 2 equivalent of sodium
azide for 24 h at 80 C (Table1: entry 11), which yielded
80% of urea as the major product. On increasing the equiva-
lents of NaN3, the yield of the tetrazoles (Table 1: entry 13)
is enhanced to a maximum of 90% and also the reaction time
is shortened from 24 h to 9 h. Another observation is that on
decreasing the reaction temperature resulted in extended reac-
tion time. Finally the optimized reaction condition for the
tetrazole formation is found to be 4 equivalents of NaN3 withetrazoles from amides controlled by experimental conditions using conventional
i.org/10.1016/j.jscs.2016.03.004
Table 1 Optimization of the reaction conditions in thermal method.
N
H
O
N N
N
N
N
H
N
H
O
1b 2b 3b
POCl3,
NaN3, heat
Entry Solvent POCl3 (Eq.) NaN3 (Eq.) Time (h) Temp. (C) Yield 2b (%) Yield 3b (%)
1 Tol. 1 1 24 100 – –
2 Tol. 5 5 24 100 – –
3 THF 1 1 24 60 – –
4 THF 5 5 24 60 – –
5 THF 5 5 48 60 Tr Tr
6 ACN 1 1 24 80 Tr Tr
7 ACN 2 5 24 80 10 10
8 ACN 5 5 24 80 15 5
9 Nil 5 5 24 80 10 10
10 Nil 10 1 24 80 20 70
11 Nil 10 2 24 80 9 80
12 Nil 10 2 48 80 10 78
13 Nil 10 4 9 80 90 0
14 Nil 10 5 9 80 90 0
15 Nil 10 4 16 60 76 0
2b and 3b were isolated yields. Tol. – toluene, Tr – trace.
Table 2 Optimization of reaction condition under microwave irradiation.
N
H
O
N N
N
N
N
H
N
H
O
1b 2b 3b
POCl3,
NaN3, MW
80 oC, 120 W
S. No. POCl3 (Eq.) NaN3 (Eq.) Time (min) Yield (2b)% Yield (3b)%
1 10 2 2 5 15
2 10 2 5 5 30
3 10 2 10 10 65
4 10 2 15 8 82
5 10 2 20 9 76
6 10 4 2 20 –
7 10 4 4 45 –
8 10 4 6 90 –
9 10 4 8 90 –
10 10 5 8 90 –
Yields were isolated yields.
Selective synthesis of ureas and tetrazoles from amides 510 equivalents of POCl3 (approximately 1:2 ratio of NaN3 and
POCl3) at 80 C for 9 h, which gave 90% yield without any
side product (Table 1: entry 13).
The list of reaction conditions have been tabulated in
Table 1. Even though this method is simpler, the reaction timePlease cite this article in press as: R. Sribalan et al., Selective synthesis of ureas and t
and microwave irradiation, Journal of Saudi Chemical Society (2016), http://dx.dois a little more. So the work is further continued to develop the
same methodology in microwave irradiation. Among the
above reaction conditions, the reaction is completed in neat
phosphorus oxychloride and sodium azide. So the best condi-
tion in thermal method is chosen for optimizing the microwaveetrazoles from amides controlled by experimental conditions using conventional
i.org/10.1016/j.jscs.2016.03.004
Table 3 List of synthesized tetrazoles from various amides (2a-l).
R1 N
H
R2
O R1
N N
N
N
R2
10 eq POCl3,4eq NaN3,
80 oC, 8-12 h /
MW,80 oC, 120 W, 5-9 min1a-l 2a-l
Entry Amide Product Thermal reaction
time (h)
Yield (%)
(thermal)
Microwave reaction
time (min)
Yield (%)
(microwave)
1
N O
NH
1a
N N N
NN
2a
9.0 80 6.0 82
2
O
NH
1b
N N
NN
2b
9.0 90 6.0 90
3
O
NH
1c
N N
NN
2c
8.5 85 5.5 88
4 O
O
NH
1d
O
N N
NN
2d
8.5 82 5.5 85
5 O2N
O
NH
1e
O2N
N N
NN
2e
10 80 7.0 83
6
O
NH
1f
N N
NN
2f
9.5 75 6.5 76
7
O
NH
F
1g
N N
NN
F
2g
9.0 80 6.0 83
8
O
NH
S
1h
N N
NN
S
2h
9.5 88 6.0 89
9
O
NH
Cl
1i
N N
NN
Cl
2i
8.5 85 6.0 86
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Table 3 (continued)
Entry Amide Product Thermal reaction
time (h)
Yield (%)
(thermal)
Microwave reaction
time (min)
Yield (%)
(microwave)
10 O
NH
1j
N N
NN
2j
8.0 90 5.0 90
11
O
NH
Cl
Cl
1k
N N
NN
Cl
Cl
2k
8.5 80 6.0 82
12
O
NH
1l
N N
NN
2l
12.0 53 9.0 53
Selective synthesis of ureas and tetrazoles from amides 7reaction method. The best condition in thermal method is 4
equivalents of sodium azide in 10 equivalents of POCl3 for
tetrazole and 2 equivalents of sodium azide and 10 equivalents
of POCl3 for urea. With these reaction conditions, the reaction
time was varied from 2 to 8 min with constant temperature and
microwave power. With the increase in the reaction time the
yield of tetrazole increased. And the optimized reaction condi-
tion is 10 equivalents of POCl3, 4 equivalents of sodium azide
under microwave irradiation for 6 min which yielded 90% of
tetrazole (Table 2: entry 8). Similarly the optimized condition
for urea is 2 equivalents of sodium azide and 10 equivalents
of POCl3 under microwave irradiation for 15 min (Table 2:
entry 4). The temperature is 80 C and the microwave power
is 120 W for all the reactions. In both thermal and microwave
methods, the urea is not obtained as a sole product. At least a
little of tetrazole by-product is obtained during urea synthesis.
The list of reaction conditions under microwave irradiation is
represented in Table 2.
The scope of such sequence to make a tetrazoles (thermal
and microwave method) was next examined with various sub-
stituted amides which afforded the corresponding tetrazoles
with different yields represented in Table 3. Reaction of ben-
zanilide and N-phenyl benzyl amide proved to be more potent
leading to the formation of products 2b and 2j with 90% yields
(entries 2 and 10). The amides having the methyl or methoxy
group at the para position of the aromatic rings were well tol-
erated to provide products 2c and 2d (entries 3 and 4) in good
(85–88% and 82–85%) yields. Similarly, the formation of
bicyclic attached products 2f and the amides having halogens
or nitro group at the para position gave the tetrazoles 2g, 2i,
2k and 2e (entries 7, 9, 11 and 5) with good yields. The hetero-
cyclic attached tetrazoles 2a and 2h were obtained with 82–
89% yields. Loss of yields were observed in the product forma-
tion of 2l (50–52%) respectively, which can be accounted by
considering the steric factor of the substrates (entry 12) also
the reaction time of this ortho substituent is higher compared
to the para substituents.Please cite this article in press as: R. Sribalan et al., Selective synthesis of ureas and t
and microwave irradiation, Journal of Saudi Chemical Society (2016), http://dx.doSimilarly, the urea derivatives were also synthesized from
the various substituted amides. The benzanilide and the amides
having methyl on para positions gave the products 3b, 3c and
3n with 79–82% yield. The amides containing the halogens on
the para positions also did not affect the yield of the reactions.
For example the amides 1g, 1i and 1k gave their corresponding
urea 3g, 3i and 3k with 73–81% yields. The amides containing
the bulky unit like naphthalene gave the product with a low
yield. For instance the compound 1f gave its corresponding
urea 3f with 67–69% yield. Similarly the substituent on meta
position gave a lower yield of product 3p as previous one.
The amides possessing ortho substitution and electron with-
drawing groups affect the yield of the reactions. For example
the compounds 1o, 1q and 1r gave their corresponding prod-
ucts 3o, 3q and 3r with 50–55% yield. The list of synthesized
products and their yields are represented in Table 4.
From the earlier literature report, the thermal degradation of
tetrazole gave carbodiimide, [21] which then reacts with water
resulting in urea formation. Hence, we have experimented with
the isolated tetrazole in the presence of POCl3 and sodium azide
(entry 10, Table 1). But no degradation of tetrazole was
observed, even when heating was continued up to 48 h. Laksh-
man et al., reported, the addition of azide anion toward the imi-
doyl functionality resulted in the formation of the azide–
tetrazole equilibrium. The equilibrium could be shifted to either
one of the products, which depends on the reaction condition
[22]. Based on the above reports, the plausible mechanism for
the formation of tetrazole and urea has been proposed
(Fig. 1). Initially, in the presence of POCl3 amide could be con-
verted to nitrilium intermediate with the elimination of hydro-
gen chloride as in the case of Bischler Napieralski reactions
[23]. The nucleophilic addition of azide with nitrilium ion gives
intermediate 2, followed by intra-molecular cyclization resulting
in tetrazole 3. However the prolonged heating of intermediate 2
undergoes a rearrangement via dinitrogen elimination to result
carbodiimide 5 as a product. Further, the carbodiimide 5 reacts
with water to yield the corresponding urea (while quenching).etrazoles from amides controlled by experimental conditions using conventional
i.org/10.1016/j.jscs.2016.03.004
Table 4 List of synthesized ureas from amides.
R1 N
H
R2
O
R1
N
H
N
H
R2
O
10 eq POCl3,2eq NaN3
80 oC, 24-36 h/
MW 80 oC, 120 W,15-25 min
1b-r 3b-r
Entry Amides Product Thermal reaction
time (h)
Yield (%)
(thermal)
Microwave reaction
time (min)
Yield (%)
(microwave)
1 O
HN
1b
N
H
N
H
O
3b
24 80 15 82
2 O
HN
1c
N
H
N
H
O
3c
24 79 15 78
3 O
H
N
1f
H
N
O
H
N
3f
24 69 15 67
4
O
NHF
1g
N
H
N
H
O
F
3g
24 78 15 81
5 O
HN
Cl
1i
N
H
N
H
O
Cl
3i
24 75 15 74
6
N
H
O
Cl
Cl
1k
N
H
N
H
O
ClCl
3k
24 73 15 75
7
O
NH
1n
N
H
N
H
O
3n
24 81 15 80
8
O
NH
O
1o
N
H
N
H
O
O
3o
36 52 25 55
9
O
HN
O
1p
N
H
N
H
O
O
3p
36 68 25 69
10 O
HN
O2N
NO2
1q
N
H
NO2
N
H
O
O2N
3q
36 50 25 53
11
O
NHO2N
1r
NO2
N
H
N
H
O
3r
30 54 20 64
8 R. Sribalan et al.According to the proposed mechanism, we understood that
the selectivity depends on the azide–tetrazole equilibrium.
With the stoichiometric increment of sodium azide the equilib-
rium shifted toward the tetrazole 3 formation. Meanwhile
decreasing the amount of sodium azide may not favor thePlease cite this article in press as: R. Sribalan et al., Selective synthesis of ureas and t
and microwave irradiation, Journal of Saudi Chemical Society (2016), http://dx.dogeneration of tetrazole and produce the carbodiimide interme-
diate 5 which in turn gives the corresponding urea with water.
All the synthesized products (both tetrazoles and ureas)
were characterized by 1H NMR, 13C NMR and MASS spec-
troscopies. The tetrazoles are additionally characterized byetrazoles from amides controlled by experimental conditions using conventional
i.org/10.1016/j.jscs.2016.03.004
R1 N R2 R1
N R2
R1
N R2
N
N
N
R1 N
C
N R2 R2N
H
N
H
R1
O
H2O
R1
N
N
N
N
R2
R1
N R2
N
N
N
R1
H
N
R2
O
P
O
Cl Cl
Cl R1
N R2
O
P
O
Cl Cl
H
-Cl
-PO2Cl
-HCl
N3
1
23
4 5 6
-N2
Figure 1 Plausible mechanism for the formation of tetrazole and urea.
Selective synthesis of ureas and tetrazoles from amides 9IR spectroscopies. The disappearance of amide NH peak in 1H
NMR indicates the complete conversion of amide. The disap-
pearance of carbonyl carbon peak, shifting in the position of N
substituted carbon and appearance of tetrazolyl carbon and
appearance of urea carbonyl in 13C NMR confirmed the for-
mation of either tetrazole or urea. In addition, the compound
2a characterized by DEPT 135 and 2D NMR such as, 1H–1H,
13C–1H and HMBC methods. The DEPT-135 clearly indicates
7 set of C–H carbon, 3 quaternary carbons and absence of
methylene carbon. Correlation of 8.73 & 7.41 and 7.96 &
7.41 in 1H–1H COSY and the correlation of 8.77 & 149.23,
8.73 & 152.10, 7.40 & 123.70, 7.94 & 136.21, 7.41 & 125.31
and 7.57 & 130.93 in 13C–1H COSY show the presence of phe-
nyl and pyridyl ring. The correlation of 8.77 & 151.46, 7.95 &
151.46 indicates the pyridyl ring directly attached with tetra-
zolyl carbon in HMBC spectrum. The analytical spectra are
provided in the Supporting Information.
4. Conclusion
In summary, a new protocol has been developed (in both con-
ventional and microwave methods) for the selective synthesis
of 1,5-substituted tetrazoles and diaryl ureas from the readily
available amides by a one pot reaction. It is evident from the
proposed mechanism that the equivalents of sodium azide used
governs the selectivity of the product formation. The devel-
oped protocols have several advantages such as selective con-
version, short reaction time, and economically cheaper
reagent, no need of the isolation of intermediate, reagent as
solvent and good yield. The ongoing research is in process to
synthesis biologically active tetrazoles with heterocyclic
hybrids.
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